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Synthesis of a number of pyrazinobarrelenes from
the readily available bicyclo[2.2.2]octenediones is de-
scribed.
4
Pyrazines and quinoxalines have attracted atten-
tion due to their biological activity'. A number of"
these compounds have found use in medicine,
and in food industry as flavouring agents, yet
others are pheromones. These are invariably syn-
thesized- " by the condensation of 1,2-diones and
1,2-diamines. We have recently demonstrated that
the cycloaddition of o-quinones to acetylenes"
and fulvenes 7 - 9 provides a facile entry into a seri-
es of bicyclo[2.2.2]octene-7,8-diones. These di-
ones, in turn, appeared attractive from the point
of view of their conversion to pyrazinobarre-
lenes'"-" by cyclocondensation with diamines. We
have investigated this reaction in some detail and
our results are described here.
The 1,5-di-tert-butyl- 2-phenylbicyclo[2.2.2]oct-
2,5-diene-7,8-dione la, readily obtained by the
reaction of phenylacetylene and 3,5-di-tert-butyl-
o-benzoquinone", reacted efficiently with ethy-
lenediamine in refluxing ethanol affording the di-
hydropyrazinobarrelene 2a in 98% yield (see
Schemel).
The regioisomer 1b also underwent condensa-
tion reaction with ethyienediamine producing the
dihydropyrazinobarrelene 2b in good yield. Sim-
ilarly, the fulvene adducts 3a-j obtained by the
Diels-Alder reaction of o-quinones and various
fulvenes on condensation with ethylenediamine
smoothly afforded the products 4a-j (Scheme II)
in yields ranging from 70-96%.
It is noteworthy that the reaction proceeded
well with both exo- and endo-cycloadducts of 0-
quinones and fulvenes. The products obtained
were characterised by !H, l3e NMR, IR and mass
spectral data.
Note
Subsequently we found that when the dione la
was refluxed in ethanol in the presence of 0-
phenylenediamine, the pyrazinobarrelene Sa was
formed in 69% yield. Similarly, the regioisomer
1b gave 5b on reaction with o-phenylenediamine
(Scheme ill).
In a similar.. fashion o-phenylenediamine under-
went heterocyclic ring formation when treated
with the fulvene adduct 6a affording the pyrazino-
barrelene 7a in 85% yield'''. Similarly, fulvene ad-
ducts 6b-g also reacted with o-phenylenediamine
affording the products 7b-g in yields ranging from
49-86%. The reaction proceeded smoothly with
both exo- and endo-cycloadducts of o-quinones
and fulvenes (Scheme IV).
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Interestingly when substrates la and Ib were
subjected to condensation reaction with 1,3-diam-
inopropane in refluxing ethanol, the monoconden-
sation products 8a and 8b were obtained. The IR
and 13CNMR spectra of the products showed the
presence of a carbonyl group. The structures of
the products have been assigned on the basis of
spectral data and consideration of steric factors.
In conclusion we have developed a facile syn-
thesis of a number of dihydropyrazino- and pyra-
zinobarrelenes, which may be of interest from the
point of view of their potential for further trans-
formation and their biological activity.
Experimental Section
Melting points were recorded on a Toshniwal
capillary melting point apparatus and are uncor-
rected. IR spectra were run on a Perkin Elmer
model 882 spectrophotometer. Unless otherwise
specified, IH (90 MHz) and l3C (22.4 MHz)
NMR spectra were recorded on a JEOL EX-90
spectrometer using Tetramethyl silane as internal
standard. 200 MHz IH NMR spectra were re-
corded on a Bruker 200 spectrometer. 270 MHz
IH NMR spectra were recorded on a JEOL 270
spectrometer. Mass spectra were run on a Finni-
gan MAT 8430 or Hewlett Packard 5890 mass
spectrophotometer. Analytical data were. recorded
on a Perkin-Elmer 2400 CHN elemental analyser.
2,3,5,8-Tetrahydro-5,9-bis( 1,T-dimethylethyl)-
6-phenyl-5,8-ethenoquinoxalilne 2a: Typical
procedure. To a solution of la (400 mg, 1.24
rnmoles) in absolute ethanol (15 ml.), was added
ethylenediamine (0.1 mL, 1.49 mmoles) and the
mixture refluxed. The progress of the reaction
was monitored by TLC. The reaction was found
to be complete in 37 hr and the solvent concen-
trated in vacuo. The crude mixture was then sub-
jected to chromatography over silica gel (100- 200
mesh) column using 8% ethyl acetate in hexane as
eluent to afford 422 mg (98%) of the product.
Recrystallization from hexane gave colourless
crystals, m.p. 113-14°; IR (KBr): 2965, 2876,
1634, 1483 em-I; IH NMR (CDCI3) (200 MHz):
b 1.07 (s, 9H), 1.14 (s, 9H), 3.13-3.72 (m, 4H),
4.08 (dd, J = 7.8, 2.1 Hz, 1H), 6.15 (d, J = 2.1
Hz, 1H), 6.20 (d, J = 7.8 Hz, 1H), 7.06-7.27 (m,
5H); l3C NMR (CDCI3): b 26.31, 27.89, 28.58,
28.66,28.91, 33.95, 34.57, 44.09, 44.74, 48.12,
62.17, 125.78, 126.62, 126.85, 130.43, 134.88,
141.14, 151.35, 155.38, 157.32, 157.76; MS (%) :
Table I-Characterization data of pyrazinobarrelenes (2,4,5,7) and monocondensation products 8
Product" Reaction Yi"ld IR IHNMR 13CNMR MS m.p.
period (%) cm-I (6, ppm) (6,ppm) (M+) ·C
2b 21 75 16S9,1637 3.33-3.42(m,4H),4.62(t,J= 2.02Hz, 44.1(C3),44.3(C2).51.5 346 109-10
lH) 6.0S(d,J= 2Hz,lH),6.65(d,J=2Hz, (C5),5S.5(CS),156.5(C4a),
IH) 157.5(Cla)
4a 26 92 2969,1620 5.7(d,J= 2.2Hz,lH),6.2(dd,J= 5.S, 4S.4(C3),49.9(C2),53.S- ref. 12 176-77
l.SHz,lH) 6.4(dd,J= 5.S,1.SHz,IH) (C5&CS),15.S.9(C4a),
160.5(Cla)
4b 2 96 1631,1602 3.66(s,3H),6.46(dd,J= 5.S6,1.75Hz, 54.1( C5 ),54.4( CS), ref. 12 175-76
lH) 159.1(C4a),159.9(Cla)
4c 2 75 2943,1635 3.62(s,3H),5.97(dd,J= S.77,6.44Hz 52.9( C5 ),53.2( CS), ref. 12 129-30
lH), 6.59(d,J= 5.29Hz,I11) 158.4(C4a),15S.5(Cla)
4d 7 94 2961,1616 6.72(d,J= 4.7Hz,lH),6.S5(d,J= S.7Hz, 54.9(C5),55.0(CS), ref. 12 99-100
IH),7.1S(d,J= S.7Hz,lH) 161.3(C4a),162.6(Cla) .!
4e 10 91 295S,1622 5.7(d,J= 2.2Hz,IH),7.5(br s,lH) 54.4( C5 ),54. 7(CS) ref. 12~




Table I-Characterization data of pyrazinobarrelenes (2,4,5,7) and mono condensation products 8
Product" Reaction Yield IR IHNMR IJCNMR MS m.p.
period (%) cm-I (t>, ppm) (t>, ppm) (M+) ·C
4g 18 92 2962,1610 5.7(d,J= I.4Hz,lH),6.0(d,J= 5.9Hz, 53.4(C5),54.8(C8), ref. 12 173-74
lH)6.2(dd,J= 5.9,1.7Hz,lH) 161.6(C4a),162.8(Cla)
4h 6 73 2960,1617 3.8(s,3H),5.7(br s,lH) 55.0(C5),55.1(C8), ref.12 149-50
6.1(d,J= 7.4Hz,lH) 161.6(C4a),163.0(Cla)
4i 7 70 1689,1618 5.7(br,s,lH),6.1(d,J= 6.9Hz,lH) 54.6(C5),54.7(C8), ref. 12 156-57
161.0(C4a),162.4(Cla)
4j 19 96 1673,1623 5.7(d,J= 2.4Hz,lH),5.9(br,s,IH) 52.4(C5),55.0(C8), ref. 12
6.1(d,J= 7.2Hz,lH) 161.2( C4a),162.5( Cia)
Sa 23 69 1491,1477 4.8(dd,J=6.6,2.5Hz,lH),6.5(d,J=2.5- 49.8(C5&C8),160.5(C4a), 394 173-74
Hz,lH)6.6(d,J= 6.6Hz,IH) 160.6(Cla)
5b 28 67 2967,1477 5.3(d4,J= 3,1.8Hz,lH),6.5(d,J= 3Hz, 52.9(C5),60.6(C8), 394 174-75
lH) 7.1(d,J= 1.8Hz,lH) 16G.4(C4a),161.2(Cla)
7a 1.5 85 2931,1496 4.0(s,3H),6.3(dd,J= 5.6,2.3Hz,lH) 55.1(C5),55.4(C8), ref. 12 156-57
6.5(dd,J= 5.9,1.7Hz,lH),6.6(d,J= 5.9- 156.1(C4a),157.3(Cla)
Hz,IH)
7b 24 58 2963,1612 3.8(s,3H),6.0(d,J= 2.8Hz,lH) 55.2(C5),56.7(C8), ref. 12 141-42
159.9(C4a),160.6(Cla)
7c 72 52 1678,1658 3.6(m,IH),4.6(m,IH),6.0(d,J= 1.7- 54.0(C5),56.4(C8), ref. 12 155-56
Hz,IH) 160.2(C4a&Cla)
7d 47 86 2969,1688 2.3(s,3H),3.2(d,J= 7Hz,IH), 52.8(C5),56.4(C8), ref. 12 176-77
6.0(d,J= 2.3Hz,lH),6.1(d,J= 5.9Hz, 160.1(C4a),160.2(Cla)
lH),6.3(dd,J= 5.9,2.7Hz,lH)
7e 48 55 2960,1611 3.9(s,3H),6.0(d,J= 1.7Hz,IH) 5.5.4(C5),56.6(C8), ref. 12 170-71
6.9(d,J= 8.8Hz,IH) 158.0( C4a),160.0( CIa)
7f 68 85 2972,1634 4.4(m,lH),6.0(d,J= 2.7Hz,lH) 51.9(C5),56.5(C8), ref.12 173-74
6.8(m,lH) 159.6(C4a),160.3(Cla)
7g 24 49 1647,1631 3.5(m,lH),4.3(m,lH),6.0(d,J= 1.7- 52.3(C5),56.7(C8), ref. 12 181-82
Hz,IH),6.1(m,IH) 159.7(C4a),160.5(Cla)
8a 23 47 3477,1709 4.0(dd,J=- 8,2.7Hz,IH),6.1(d,J= 2.7- 68.0,68.3, M+ 153-54
Hz,IH),6.3(d,J= 8.1Hz,lH) 157.3,203.3 -17
8b 21 12 3464,1708 4.0(br s,lH),6.1(d,J= 2.7Hz, 68.1,157.2, M+ 151-52
lH),6.3(br s,IH) 203.1 -17
•All the compounds gave satisfactory elemental analysis and or high resolution mass.
mlz 346 (M+, 70), 345 (100), 331 (15), 289 (35),
57 (65); Anal. calcd. for C24H30N2: C, 83.18; H,
8.73; N, 8.09. Found: C, 83.32; H, 8.89; N,
7.88%.
The relevant spectral data of compounds 2b,
4a-j, Sa-b, 7a-g and 8a-bare given in Table I.
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